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Abstract
This study investigates, with the use of three dimensional finite element analysis, the stress that occurred on peri-implant bone 
during loading on a premolar implant. The bone was assumed to be transversely isotropic. The refined method is implemented in
a case study, in which osseointegrated (25-100%) peri-implant premolar bone types II, III and IV with an implant attached is 
loaded with a 100 MPa load. The results showed that the less dense bone must support higher stress and strain, especially at the 
cortical region. Higher degree of osseointegration caused higher stress but lower strain. Both the bone type and the 
osseointegration condition significantly affect the stress-strain relation. For minimum stress and strain, denser and more 
osseointegrated peri-implant bone is desirable.
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1. Introduction
Severe damage to the tooth due to decay already reaching the tooth pulp and due to trauma often require dental 
implant as substitute to the damaged tooth. To function properly, the dental implant should withstand and transfer 
external load reacts on it to the jaw bone [1]. This requires proper investigation on how load transfer behaves when 
occlusal load applies to the dental implant.
Finite element analysis is a commonly acceptable technique to simulate the load transfer behavior. This is done 
by modeling the implant and bone, dividing them into smaller and simpler elements which can be interpolated with 
the use of shape functions, assigning material properties, and applying loads and boundary conditions [2-4].
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Afterwards, the stress and strain at the implant and the periimplant bone can be calculated using the governing 
equations and subset algorithms. Of interest in this study is only the stress and stress at the periimplant bone.
For simplicity, previous finite element models for periimplant bones often neglected the presence of imperfect 
osseointegration. A direct structural and functional connections between ordered, living bone and the surface of an 
implant, termed as osseointegration, is critical for implant stability and is considered a prerequisite for implant 
loading and long-term clinical success of endosseous dental implants [1]. However, quantitative clinical assessments 
revealed that osseointegration does not occur fully [3]. Certain areas within the peri-implant bone do not have 
contact between the implant and the bone. In other words, osseointegration never reaches 100%. Due to that, study 
on stress and strain in periimplant bones should include the partial osseointegration.
Previous works on finite element analysis of periimplant bones which take into account partial osseointegration 
include an approach by Natali et al. [1] that describe the bone at the tissue level with the specific implications for the 
constitutive formulation to be adopted. It was described using micro-mechanical/phenomenological models in which 
the micro-structural behavior was considered on larger scale. Papavasiliou et al. [5] suggests that the properties of 
cortical and cancellous bones must be assigned on the osseointegrated portion while the non-osseointegrated portion 
was assigned with the very low stiffness connective tissues properties. Another approach was developed by 
Kurniawan et al. [3] that introduce bone-implant transition region having fraction of the bone properties to the 
transition region to represent partial osseointegration. This study follows this latest approach to be applied to various 
bone types (II, III, and IV) having various osseointegration conditions. Premolar region of the periimplant bone is of 
interest, and the finite element analysis is conducted to model the stress and strain when an implant inserted is 
loaded by occlusal load (static).
2. Materials and Method
2.1 Geometric model
Three dimensional geometric models of the premolar implant and the periimplant bone were drawn to be 
closely realistic, in terms of size and shape. Following the approach by Kurniawan et al. [3], a transition region 
which lies beyond the outermost geometry of the implant (0.5 mm from implant inner diameter) was introduced. 
This region covers both cortical and cancellous bone region since the implant depth reach both. To represent various 
bone types, the thickness of the cortical bone was adjusted, according to definition of bone types II, III, and IV by 
Lekholm and Zarb [6]. 
2.2 Material properties
The periimplant bone, which is an anisotropic material because it shows different mechanical properties when 
measured in different directions, was modeled as a transversely isotropic material, as recommended by O’ Mahony 
et al. [7] and Petrie and Williams [8] considering that the elastic moduli of a cortical bone in buccolingual and 
infero-superior directions are similar. The material properties assigned to the periimplant bone for type II, III, and 
IV as in Table 1 use the compilation by Kurniawan et al. [3]. In the Table 1, E is the Young’s Modulus, G is the 
shear modulus and ҃ij is the Poisson’s ratio for strain in i and j direction. Jaw bone been classified into type II, III 
and IV which each of them have different cortical bone thickness and cancellous bone density (Table 2). Titanium 
assigned as the implant material has the properties of 110 GPa stiffness and 0.35 Poisson’s ratio.
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Fig. 1. The modeled bone with dental implant attached, shown with the applied load (P) and boundary conditions 
and also  the modeled dental implant and the transition regions. Also shown is the global coordinate system used in 
the analysis.
Table 1. Material properties for the transversely isotropic bone [3]
Properties High density cancellous bone Low density cancellous bone Cortical bone25% 50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100%
Ex (MPa) 287 574 861 1148 57.5 115 172.5 230 3150 6300 9450 12,600
Ey (MPa) 52.5 105 157.5 210 10.5 21 31.5 42 3150 6300 9450 12,600
Ex (MPa) 287 574 861 1148 57.5 115 172.5 230 4850 9700 14,550 19,400
ݝxy 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.3 0.3 0.3 0.3
ݝxz 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.253 0.253 0.253 0.253
ݝyz 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.253 0.253 0.253 0.253
Gxy (MPa) 17 34 51 68 3.5 7 10.5 14 1212.5 2425 3637.5 4850
Gxz (MPa) 108.5 217 325.5 434 21.75 43.5 65.2 87 1425 2850 4275 5700
Gyz (MPa) 17 34 51 68 3.5 7 10.5 14 1425 2850 4275 5700
Table 2. Bone types according to cortical bone thickness and cancellous bone density [3,6]
Bone type Cortical bone thickness Cancellous bone density
II 2 mm High density
III 1 mm High density
IV 1 mm Low density
P
cortical 
bone
cancellous 
bone
implant 
transition 
region
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The contact type between the implant and bone was ‘bonded’ [3], which is the common and suitable technique 
to use when two or more parts share the same node when assembled. The assembly of these model aims to submerge 
the implant 10mm into the jaw bone. For the static occlusal load, pressure of 100 MPa which is equivalent to 380 N 
of concentrated force was applied. The boundary condition was set with the outer surface of cortical bone to be fully 
constrained.
3. Results and Discussion
Finite element analysis on the developed models provides the stress and strain distribution as needed. The 
highest stress and strain for all periimplant bone conditions are sorted in Table 3. The stress refers to von Mises 
stress and the strain refers to equivalent strain which accounts for stress and strain in all directions. From Table 3, it 
seems that all bone types produce highest stress at different degree of osseointegration. For bone type II, there is 
only 16% difference between the highest and the lowest stresses. For bone type III, the stress magnitude difference 
was 28%, similar for bone type IV with 29%. Resultant stress magnitude increases with higher degree of 
osseointegration and stress magnitude induce in the less dense bone is higher than denser bone. It shows the same 
result for strain distribution in which the denser bone produces lower strain than the less dense bone. Bone with a 
higher degree of osseointegration must withstand higher stress but the strain caused was lower. This implies that
implantation which generates less osseointegration is more susceptible to failure.
In addition to stress and strain magnitude, their distribution can also be calculated at any point within the 
periimplant bone models. Figure 2 shows the stress distribution for bone type II at various degrees of 
osseointegration. It shows that the stress distribution magnitude does not differ much for all degrees of 
osseointegration. Most stress occurs at the cortical region, with the highest stress is located at crestal implant-
cortical region next to the implant.
These stress and strain magnitude and distribution within premolar periimplant bone are in agreement with 
previous work on the molar implant [3]. From the results, it is apparent that the stress and strain conditions are 
different between those of hypothetical full osseointegration and those of partial osseointegration. This supports the 
needs to incorporate osseointegration conditions for analyzing the periimplant bone biomechanics.  The finite 
element models can also be used to design implants. The arbitrary premolar implant induced non uniform stress and 
strain distribution, with very little portion goes to cancellous bone. The geometry of the implant can be made better 
by having design which can uniformly distributes the load throughout periimplant bones.
Table 3. Maximum stress and maximum strain induced at peri-implant bone due to the load
Bone type Osseointegration(%)
Highest stress Highest strain
Cortical
(MPa)
Cancellous
(MPa)
Cortical
(%)
Cancellous
(%)
II
25 179.70 33.32 0.0193 0.0079
50 175.70 36.87 0.0142 0.1496
75 150.40 38.83 0.0111 0.1002
100 162.10 40.28 0.0094 0.0747
III
25 275.10 120.61 0.0583 0.0435
50 313.70 86.98 0.0368 0.0258
75 355.00 74.09 0.0279 0.0196
100 384.30 76.57 0.0227 0.0165
IV
25 450.20 41.82 0.1044 0.1780
50 526.50 35.72 0.0657 0.0399
75 591.40 28.79 0.0493 0.0291
100 636.50 25.03 0.0318 0.0326
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Fig. 2. Stress distribution of bone type II at (a) 25%, (b) 50%, (c) 75% and (d) 100% osseointegration
Conclusion
Finite element models to simulate the stress and strain induced at the periimplant bone when a premolar implant 
was loaded by 100 MPa occlusal load were developed. The models incorporate various osseointegration conditions 
(25 to 100%) for bone types II, III, and IV by introducing transition regions assigned with the associated bone 
properties. Stress and strain magnitude and distribution on the periimplant bones were obtained. Bone type and 
degree of osseointegration have significant effect on the stress and strain magnitude and distribution. Within the 
limitation of the case study, bone type IV was the least performing, regardless of its degree of osseointegration.
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